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BACKGROUND

— At present there is highly demand of Solar Energy in Nordic countries.

— Finland and Sweden most of areas with peat and weak soil land can be utlized for the Solar Panel area .

— Construction of Steel as foundation in Solar Panel in Soft soil (Clay areas) is challenging. 

— SSAB is looking to find the use of Steel piles in Geotechnical challenging areas of Finland like peat and 

soft soils.

— Thus, the research will focus:

▪ Optimized solution of proper use of Steel piles in soft soils. (Clay Areas).

▪ Analyze the structural loading factor Solar Panel Frame. (Uplifting, Cyclic Loading, Normal Load)

▪ To study the issue of corrosion and suggestion of solution for corrosion problem.



LITERATURE REVIEW ON NORDIC WEAK SOIL
PEAT AREAS 

• Finland 1/3 land peat. ( 4-6 meter thick in southern Finland)

• Highly organic and moisture content i.e corrosive areas

• (Hollingshead and Raymond, 1972) Drained test result the value of Cohesive strength c ´=4 kPa and Friction angle 

ϕ´=34°.

• Most Vane test carried in Finland suggest that the undrained shear strength of peat is mostly between 10 and 15 

kPa. 

• In research Norwegians peat: common 3-4 meter thick, 2-8 kPa undrained shear strength

• If Peat is considered as cohesive soil, then shaft resistance will give ultimate resistance (small C.S.A in Piles)

4

CLAY AREAS 

• In general Finnish clay undrained strength is between 5-15 kPa.

• Typical undrained shear strength was obtained from vane test (normally in Finland & Sweden)

• Cohesive piles are suitable for thick clayey soil.

• Settlement is high in clay area i.e should have high shaft resistance in pile designing.

• Corrosion rates is smaller in clay areas than peat areas since peat areas have higher organic 

content.
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NCCI7 Appendix 5 Table 4 and 5 give guidance for unprotected steel above and below water table.  

If the steel structures design life period is 50 year and 

the steel is inside the uncompacted clay soil with non-

aggressive environment that will active the corrosion, 

then there might be loss of 1 mm of steel after 50 years.

i.e 1 mm need to add in steel thickness in design phase.



STUDY CASE- FRAME OF SOLAR PANEL
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• Open Profile Steel pile embedded inside the soil. (i.e not inside 

rock only in soil layers.)

• Ground condition 6-meter clay, about 1,5 meter of gravel 
moraine

• Not much guidance on such open structures like in Building or 

other infra structures.

• Assume to be less impact on human life Structural Category 
Class 3.

• Wind pressure in 21m/s 

• Normal Design life span 50 year for such structure.

GOAL



Cohesive Pile                                   Friction Pile                         Helical Pile                        Driven Pile  
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— load is supported through the 

shaft resistance and toe 

resistance.

— settlement in cohesive soil is 

higher.

— skin of pile creates shear 

stresses which stand axial 

load.

— surrounding settles more 

than pile settlement Negative 

Skin Friction.

Our Case focus only to small open cross section with cohesive and friction piles

— number of plates in the tip of 

helical piles significantly play 

major role in increasing the 

bearing capacity.

— Need rotational force in 

installation.

— High cost due to weld plate.

Typical Steel pile for solar panel

— Simple pile. 

— Easy to install.

— Less cost.
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STRUCTURAL ANALYSIS
LOAD Magnitude

• Snow load ( Variable)

• Wind load  ( Variable )

• Solar Panel own weight (Permanent)

• Self weight of Steel 

• Check if there is Cyclic Loading 

(Variable)

• 2.5 kN/m2

• 21 m/s (Class 3) low building high 

vegetation

• 0.278 kN/m2 (One of Finnish Solar Panel 

Manufacturer)

• 5 kg/m > 0,05 kN/m (One of SSAB  

Product 100/50x3 profile)

•    Load (kN)/ Time(s)

Wind blowing

Different Load cases are studied with combination 
factor under ULS state.Uplifting forces in weak soil

Overturning moment

Example Case 

RFEM -SUPER STRUCTURE 

PLAXIS- SOIL DEFORMATION 



ANALYSING EXAMPLE CASE IN RFEM- FRICTION PILE – 3 METERS SPACINGS.
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Spring Support 
from Soil layer

Note:

In the first stage the length was 
assumed to be 8 meter long in the soil.

Later Optimization will be done in 
analysis phase.



UPLIFTING & CYCLIC LOADING
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• Horizontal wind load causing the Overturning moments in the structure.

• Piles can resist the uplifting forces through the frictional forces between the pile and soil inside ground.

• On one load combination the uplifting forces for the piles were max16 kN.

— In Site visit it was found that 20 kN force was needed to uplift the pile 
which was 2 meter inside the Clay.

• Cyclic loads are generated due to several wave of wind per hour to structures.

• Cyclic failure in Noise barrier high velocity of air over time, barrier of rail track 

train movement.’

• Many research suggests negative batter angular micro pile increase resistance 

toward static and cyclic loading.

Clay might permanent deformation due to several wave cycle of wind.

Finnish National road Administration (FinnRA) Bridge Steel pile

cyclic loading determined table 5 in paragraph 4.9.7. (Cohesionless soil) 
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 Calculation of Spring constant in soft soil

NCCI7 Annex 9
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CHECKING DEFORMATION UNDER ULS WITHOUT USING SPRING SUPPORT FROM CLAY 

Friction Pile 

No soil support at top assuming it might be because to cyclic loading. 
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ASSUMPTION 1

When spring support is at 1 meter intervals in the soil.

Clay layer

Moraine Layer

- Calculated spring 
constant value in direction 
of h =15000 kN/m2

- Calculated spring 
constant value in direction 
of b =30000 kN/m2
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To check the spring constant values and obtain same deformation.

PLAXIS 3D model is created for single pile under same load.

— Modified Clam Clay

— Pile is created as layer and Moment values are input
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Modified Clam Clay Parameters.

FIELD TEST RESULT AT DIFFERENT PARTS OF FINLAND. 

Deformation 59 mm

(M. Koskinen 2014)
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— 1.66kN

0.19 kNm

— 0.02kN

Pile length can be 2-3 meters.

 inside the soil layer

Zero moment Area 

— Bending moment about both axis, Internal force, Shear force Single Pile
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Further Steps:
Optimization of Steel Pile

Method 1:
-Decreasing Pile length 3 meter inside soil.
-Spacing of pile 3-meters apart to 4-meters.
              
              Checking Deformation

Calculating/Checking Shaft resistance to Cohesive Pile -NCCI7

                   Checking Buckling

                 Checking Uplifting

  Reduction/optimization of pile lengths in soil
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Thank You
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